The air-water separator in this study is based on the principle of the electrostatic precipitator with the positive and negative poles, which has been widely utilized to collect the dust contained in flue gas exhausted from the industrial plants such as coal fired power station. This mechanism of separation is that the Coulomb force operating between the both poles collects the water droplets charged negative ions by corona discharge on the surface of positive pole. The cylindrical separator by the Coulomb force used here consists of a stainless tube of 57.2mm and length of 154mm as positive pole, and a stainless wire of 1.0mm as negative pole. The experiments were carried out at 0 m/s without droplets and 4.0m/s with and without droplets in mean air velocity, and at 0 to 17,000V in DC high voltage. And, the theoretical analyses also were done using the data under the same experimental conditions. Consequently, the behavior of a droplet flowing in the separator and existing between two electrodes is made clear to determine the basic equations of motion for a droplet and the distribution of dielectric constant. And, the theoretical length to collect wholly in the separator by the Coulomb force can be estimated and this length agrees with the length obtained by the experiments.
Introduction
The air-water separation technology removes fine droplet contained in a steam flow to assure the stability and economic efficiency, i.e., the high quality and high efficiency of the power sources indispensable for the modern society such as steam power plants. In this study, in the air-water separator having the cylindrical collecting poles which is operated by the Coulomb force, the behavior of droplets was observed experimentally, the theoretical analysis was performed about the process in which the fine droplets were collected, and theoretical equations on the track of motion of a droplet and the geometrical dimensions of the separator were obtained by using various types of influence factors under actual operating conditions as parameters to obtain basic data for the commercialization of the air-water separator ope rated by the Coulomb force by Coulomb Force T in the cylindrical tube cross section is shown in Fig. 1 . When a high DC voltage exceeding a critical value is applied across the collecting pol and the wire discharge pole, a localized dielectric breakdown occurs, and corona discharge is produced to cause ionic atmosphere. The negative ions are jetted on the droplets, and the droplets are pulled to the collecting pole since they are charged and receive the Coulomb force by the charge amount and the field intensity 1) .
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Experimental work
s shown in Fig. 2 is composed of the air compressor, the booster pump, the regulator, the two-fluid tomizing nozzle, the straightening section, the cylindrical air-water separator, and the measurement section of the PDPA two-fluid atomizing nozzle of 0.9 x 10 -3 m in diameter. The spray flow, is heavy insulation rectifying diode of AC 100 V, 60 Hz. The transformer in the circuit
The experimental apparatu a device (phase Doppler particle analyzer). First the air pressurized by the air compressor is combined with the water pressurized by the booster pump to form fine droplets, and they are sprayed from the straightened while passing the horizontal duct, passes the wire mesh demister installed to remove the droplets of large particle size beforehand, and enters the cylindrical air-water separator. The droplets in the spray flow are collected in the separator based on the principle mentioned before. Also, the air leaving the air-water separator and the droplets not collected are discharged through the measurement section. The average air flow velocity in the duct was varied by the fan installed in front of the two-fluid atomizing nozzle. The high DC supply unit used in this experimental apparatus is obtained by rectifying a power supply with a bridge rectifying circuit which incorporates a high-speed, is operated on 100 V/30,000 V, and the power voltage can be adjusted within 0 to 100 V (corresponding max. applied voltage is 17,000 V). Figure 3 shows the structural drawing of the cylindrical air-water separator. Figure 4 shows the relation between the applied voltage and current and the observed results of the collected state obtained under the conditions when the droplets are not sprayed at a flow velocity of zero and 4 m/s and when the droplets are sprayed at a flow velocity of 4 m/s by using the air-water separator of 57.2 x 10 -3 m in inner diameter and 154 x 10 -3 m in length. When the applied voltage is increased, up to point in the figure, a current hardly flows across the electrodes under any conditions and, therefore, corona discharge is not yet produced. When the applied voltage exceeds point, under two conditions in which spray is not performed, the current starts to flow across the electrodes, and then increases slightly (symbols and ☐ in the figure) . This is probably because fine particles such as dust floating in the cylindrical tube are charged. Since the number of such fine particles is extremely less, the current value produced is also lowered. On the other hand, when droplets are sprayed, up to point, almost all droplets pass through the cylindrical tube without moving in the radial direction. Accordingly, the current will not flow. When the applied voltage exceeds point, corona discharge occurs, and the droplets are pulled to the collecting pole by the strong Coulomb force. By the movement of a large number of charged droplets, the current is produced across the electrodes (symbol in the figure) . A voltage corresponding to point is the critical voltage. Between and , the current value increases steeply as the applied voltage increases, i.e., the number of the droplets moving in the radial direction increases steeply. Between and , the current is generally kept constant. During that period, the movement of the droplets in the radial direction is stabilized and, even if the applied voltage is increased to 17,000 V max., the number of the droplets collected is not changed. Namely, it means that, beyond point, all droplets included in the air flow are collected. 
10
-6 m, the stokes viscosity resistance force is approx. 1/100 of the Coulomb force, and can be neglected.
(4) The flow is stationary and, therefore, a collision between the droplets can be neglected.
(5) The droplets collected to the inner wall of the cylindrical tube permanently remain on the surface.
(6) The droplets adhered to the collecting pole do not affect the charge state.
Critical voltage, field intensity, charge amount, and relative dielectr
Translated from Journal of the JIME Vol.38,No. A droplet floating in the air flow causes viscous frictional forces between the droplet and the air flow, i.e., ions of the frictional forces are directionally opposed to stokes viscosity resistances 4) . The condition in which corona discharge occurs is as follows.
The critical voltage Vc at which the corona discharge occurs is as follows. The actual field intensity E in the dielectric environment is as follows. . Accordingly, q can be expressed as follows. The reasons why the relative dielectric constant in the cylindrical tube cross section forms these distributions are as follows.
1) According to the principle of separation in the cylindrical separator, droplets are moved radially to the nearest inner wall of the cylindri
2) The magnitude of the Coulomb force moving the droplets is determined based on the field intensity and the charge amount of the droplets, i.e., on the applied voltage
3) The number of the droplets near the center electrode wire is a few, and to the contrary, near the inner wall of the cylindrical tube. Also, the number of the droplets, i.e., the density of the dropl generally proportional to the relative dielectric constant.
4) The droplets near the center electrode wire receive the Coulomb force and rapidly pulled to the inner wall of the cylindrical tube. As a result, the relative dielectric constant is brought into a droplet-free (8), (9), and (10).
state value. On the other hand, the droplets are collected constantly near the inner wall of the cylindrical tube, a thin water layer is formed, and the relative dielectric constant is brought into an only water state value.
The distributions of these relative dielectric constants are shown in Fig. 6 . Each distribution can also be expressed by Eqs. .
The equations (6) and (7) indicate that the effect of temperature on the charge of the droplet is related only to the relative dielectric constant of the water. Naturally, a variation in the relative dielectric constant of water affects the field intensity and the charge amount of the droplet and also the behavior of As shown in Fig. 8 , the surface tension of the droplet decreases as the temperature increases, i.e., energy inside the droplet is activated. We consider that, since the relative dielectric constant also decreases as at each temperature and the pressure. The the temperature increases, the droplet tends to be charged.
Another factor affecting the relative dielectric constant of water is pressure 6) . Figure 9 shows the relation between the relative dielectric constant of water figure indicates that, under the same temperature conditions, the relative dielectric constant of water is not almost affected by the pressure. 
Relative dielectric constant and distribution of field intensity
Though the critical voltage was ,182 V based on Eq. (4), a voltage of 8,000 V was adopted in the following calculations. As can be They were calculated using the following experimental requirements. .
A critical voltage of 8,000 V was applied to the cylindrical tube, and the relative dielectric constant in the cylindrical tube cross section and the distribution of the field intensity against the relative dielectric tion track of the droplet s s. (6) and (7), the constants were set as follows.
constant were calculated using Eq. (6) and Eqs. (8), (9), and (10). The results are shown in Figs. 10, 11, and 12.
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To implify the equation, using Eq ( ) When the constants are set as follows, As a result of the calculation performed with this condition, it could be understood that, in order to obtain a 100% collection efficiency, at least 0.69 m is required for the theoretical length of the cylindrical tube.
(2) In the case of that the relative dielectric constants show a linear distribution: The equation of motion for the droplet obtained by using Eqs. (2), (6), (7), and (9) Figure 14 shows the track of the motion of a droplet calculated using Eq.(14). As a result of the calculation performed with this condition, it could be understood that, in order to obtain a 100% collection efficiency, at least 0.57 m is required for the theoretical length of the cylindrical tube. Figure 15 shows the track of the motion of the droplet calculated using Eq. (16). As a result of the calculation performed under this condition, it could be understood that, in order to obtain a 100% collection efficiency, at least 0.27 m is required for the theoretical length of the cylindrical tube. Approx. 100% collection efficiency could be obtained in the experiment using the cylindrical separator with a length of 0.3 m in proximity to 0.27 m. 
Conclusion
(1) A process in which droplets are collected by the Coulomb force in the cylindrical tube could be made clear by this experiment. Also, it could be understood that, between and in the Fig. 4 , the applied voltage is roughly in proportion to the current, and the droplet collection distance decreases as the applied voltage increases, which is clear also from Eqs. (11), (14), and (16). (2) For commercialization, the effects of the electrode materials with different dielectric constants and the collecting water film on the inner wall of the cylindrical tube must be taken into account. (3) As shown by a distance between and in Fig. 4 , droplets are completely collected in the wide range of the diameters of the droplets by the cylindrical air-water separator operated by the Coulomb force. (4) It can be understood that the results of the relative dielectric constants analyzed on the assumption that the relative dielectric constants show an elliptic distribution well match the results of the experiment on collection distance.
